Introduction
The global commercial cultivation of transgenic crops has increased from 1.7 million hectares in 1996 to 181.5 million hectares in 2014 [1] . Among them, herbicide-tolerant varieties, especially the glyphosate-tolerant (GT) Roundup Ready crops such as soybean, which is one of the world widely spread transgenic lines containing a glyphosateinsensitive 5-enolpyruvyl-shikimate-3-phosphatase synthase (EPSPS) gene [2] , represent the most cultivated transgenic ones. These new transgenic crop varieties have brought many economic benefits but also raised some concern over the potential impact on the environment, such as on the soil rhizosphere bacterial community, which plays crucial roles in affecting plant health and growth [3] [4] [5] .
Research results showed that the plant species strongly influence the rhizosphere bacterial diversity [6] [7] [8] . A further study demonstrated that the host plant determines the bacterial community composition in its immediate vicinity, especially with respect to the active populations [9] . Moreover, within the maize species, the rhizosphere bacteria exhibited substantially heritable variation between replicates of maize inbred lines within each field [10] . Previous studies reported that the release of many transgenic plants has no significant effects or exerts only minor and transient changes in the soil microbial community [11] (also reviewed in [12] [13] [14] ). In other cases, the release of some transgenic plants had major consequences on soil microbial populations of non-target bacteria, soil enzyme activities, or the structure of a microbial community (reviewed in [12] [13] [14] ).
To date, previous studies showed different results on the effect of the release of transgenic plants on the soil microbial community. Moreover, because of the limited knowledge of the clear linkage between the soil microbial community and plants [13] and the extremely high complexity of the soil ecosystem, which represents one of the richest microbial communities on the earth [15] , more research work is necessary on a case-by-case basis to further evaluate the effects of the release of new transgenic plants on soil microorganisms [13] , especially on the rhizosphere bacterial communities.
High-throughput next-generation sequencing (NGS) technologies, such as 454 GS FLX pyrosequencing together with corresponding bioinformatics tools, have begun to transform the research of soil microbial communities [10, [16] [17] [18] [19] . Recently, the Illumina MiSeq platform has emerged as another powerful NGS technology, and is far more costeffective than pyrosequencing since 2013 [20] . It has been successfully performed by many researchers for studying the high complexity of microbial communities [21] [22] [23] [24] .
It is also important to conduct a systematic contrast study that not only overcomes some of the soil heterogeneity but also distinguishes the significant differences of some rhizosphere bacterial relative abundances that resulted from edaphic factors instead of host plants and already exist in the surrounding soil and bulk soil [5] .
In this study, we conducted a comparative analysis of bacterial communities in the rhizosphere soils and surrounding soils of the GT soybean line N698 versus its control cultivar MD12 at the flowering stage, by a 16S rDNA-based Illumina MiSeq platform, to clarify whether the release of the GT line N698 has impacts on the soil rhizosphere bacterial community.
Materials and Methods

Plant Materials
The GT soybean line N698, which contains the EPSPS gene encoding a glyphosate-insensitive 5-enolpyruvylshikimate-3-phosphate synthase of Agrobacterium sp. strain CP4, was bred by crossing GT soybean line NZL02-92 to MD12 and then continuously backcrossing to MD12 for two times. Additionally, the female and male parents of NZL02-92 were the conventional soybean cultivar Mengdou13 and the derivative strain of GT soybean line AG4501 that were bred by Asgrow Company, respectively.
Field Design and Sampling
The soybean plants were grown in an experimental field in Dafang Village (43°35'N, 124°45'E), Chaoyangpo Town, Gongzhuling City, Jilin Province, China, in which a randomized block design was set up in May 2013. The experimental field was an area of 360 m 2 and divided into 16 plots (5 m × 4 m per plot), and emerging weeds were manually removed. For each soybean cultivar or line, four replicate plots were used and randomly distributed over the field (Fig. S1 ). The soil type of the local area was meadow soil, which contains approximate 15% water content, organic matter 26.7 g/kg, total nitrogen 0.12%, NH The samples of plants and their rhizosphere soil were collected at the flowering stage (60 days after planting seeds). The rhizosphere soil samples of plants were collected as described by Inceoglu et al. [8] . In brief, there were six sampling points per cultivar (Fig. S1 ), and at each point, two soybean plants of N698 or MD12 with adhering surrounding soil were dug out and taken to the laboratory as soon as possible. The soil loosely adhered to the plant's roots at each point was shaken off and mixed as surrounding soils, and the total of six biological replicates of surrounding soils were stored in a -20°C freezer. Then, the samples of rhizosphere soil were collected by brushing off the soil tightly adhering to the root surface, and the rhizosphere soil samples at the 1st plus 2nd points were mixed together as one biological replicate as well as those at the 3rd plus 4th points, and 5th plus 6th points. Finally, three biological replicates of rhizosphere soils of N698 or MD12 were stored in a -80°C freezer.
DNA Extraction from Rhizosphere Soil Samples
In this study, the metagenomic DNA was extracted in duplicates from approximately 2 × 0.60 g soil of every biological replicate by using the PowerSoil DNA Isolation Kit (MoBio Laboratories Inc., USA) as recommended by the manufacturer's instructions with minor modification, which means that soil was homogenized in lysis buffer by using an LSE vortex mixer (LSE vortex mixer 230V; Corning Inc., USA) at 2,850 rpm for 10 min. After mixing well, the concentrations of metagenomic DNA of every biological replicate were measured by a Qubit Fluorometer (Qubit 2.0; Invitrogen, USA) to be more than 10 ng/μl, which may minimize the variability in microbial community surveys [25] . The DNA integrity was then checked by 1% agarose gel electrophoresis. The DNA samples were stored in a -20°C freezer before using. MRh and NRh represented the rhizosphere soils of soybean cultivars MD12 and N698, respectively. MSO and NSO represented the surrounding soils of the cultivars MD12 and N698, respectively.
PCR Amplification of 16S rDNA and Illumina MiSeq Sequencing
We used an improved dual-index sequencing approach with paired-end 250 nt [26] . In brief, the fusion primers were designed to include the appropriate P5 or P7 Illumina adapter sequences, an 8 nt index sequence, and a gene-specific primer. Gene-specific primers for amplifying the V4 region of 16S rDNA were 515F (5'-GTGCCAGCMGCCGCGGTAA-3') and 806R (5'-GGACTACHV GGGTWTCTAAT-3') [10, 20] . Qualified metagenomic DNA was normalized to 30 ng per PCR with a 50 μl volume, and its concentration was more than 0.4 ng/μl, because the template concentration had a significant effect on the sample profile variability for most samples [25] . The 515F plus 806R dual-index fusion PCR primer Cocktail was then added to the Phusion HighFidelity PCR Master Mix (New England Biolabs, USA). The annealing temperature was 56°C and the PCR cycle number was 30. The PCR products were purified with Agencourt Ampure XP beads (Beckman Coulter, USA) to remove the unspecific products. The average molecule length of the library was determined by using the Agilent 2100 bioanalyzer instrument with Agilent DNA 1000 Reagents (Agilent Technologies, USA ), and then the library was quantified by a StepOne plus real-time PCR system (Applied Biosystem, USA) and EvaGreen Kit (Biotium, USA). Highthroughput sequencing of the qualified libraries were conducted by BGI Tech Solutions Co., Ltd (China) by using the Illumina MiSeq platform (Illumina, USA) and MiSeq Reagent Kit. We have submitted 17 sequencing clean data to the NIH Sequence Read Archive (SRA) SRP067145. We have also assigned comments for the SRA submission object as "high-throughput 16S rDNA (V4) data of soils bacteria of a glyphosate-tolerant soybean line NZL06-698 (or simply N698) and its control cultivar Mengdou12 (or simply MD12)."
Operational Taxonomic Unit (OTU) Selection and Analysis of Species Composition
Clean reads were obtained when the raw data were filtered to eliminate the reads with sequencing adapters, ambiguous N base, poly base, or average base quality scores less than 20 [26] . Then, paired-end clean reads with overlap were merged to tags by using Fast Length Adjustment of Short reads (FLASH, ver. 1.2.11) [27] . The tags were then clustered to OTU at 97% sequence similarity by scripts of the software UPARSE [28] . OTU representative sequences were taxonomically classified by using the Ribosomal Database Project (Release9 201203) [29] Classifier ver. 2.2 that was trained on the Greengenes database (default: V201305) [30] with a 0.8 confidence value as cutoff. Based on the OTU abundance, the OTU of each group was listed, and the Venn diagram was drawn by R(ver. 3.0.3) [31] . The OTU number of each taxonomic rank in different samples was summarized in a profiling histogram, which was drawn with software R (ver. 3.0.3).
Alpha and Beta Diversity Analysis
Alpha diversity indices, including observed OTU number, Chao 1, abundance coverage-based estimator (ACE), Shannon and Simpson, were calculated by Mothur (ver. 1.31.2) [32] , and the corresponding rarefaction curve and principal component analysis (PCA) of the OTU were drawn by software R (ver. 3.0.3). Beta diversity distances, including Bray-Curtis, weighted UniFrac, and unweighted UniFrac, were calculated by QIIME (ver. 1.80) [33] based on the "OTU table biom" file. Non-metric multidimensional scaling (NMDS) was performed by using the analysis of mono MDS in the package "vegan 2.0 -10" and "ggplot2" of software R (ver. 3.0.3) [25] .
Statistical Analyses
Analysis of similarities (ANOSIM), multiple response permutation procedure (MRPP), and ADONIS [34] , which are complementary non-parametric analyses and based on the Bray-Curtis or weighted UniFrac distance, were performed by using the package "vegan" of software R (ver. 3.1.3). Based on the weighted UniFrac distance, analysis of molecular variance (AMOVA) was performed by using Mothur [11] . Metastats [35] was used to obtain the abundance differences of microbial communities between samples (groups = 2, samples per group ≥ 3). The obtained p-value was adjusted by Benjamini-Hochberg false discovery rate [36] correction (function "p.adjust" in the stats package of R (ver. 3.0.3)).
Ethics Approval
The field studies did not involve endangered or protected species. The experimental field was not privately owned or protected in any way.
Results
Overall Analysis of 16S rDNA (V4 Region)-Based Illumina MiSeq Data
A total of 1,257,340 pairs of clean reads were obtained with an average of 209,556 pairs of clean reads (253 bp average) per rhizosphere replicate; and then from these clean reads, a total of 7,110 OTUs were identified, with an average of 4,857 ± 128 OTUs per rhizosphere replicate and with the exception of singletons (Table S1 ). Moreover, a total of 690,813 clean read pairs were obtained with an average of 62,801 pairs of clean reads (253 bp average) per surrounding soil replicate, and a total of 5,584 OTUs were identified, except singletons, and with an average of 2,925 ± 87 OTUs per surrounding soil replicate (Table S2) .
Based on the OTU abundance (Tables S3 and S4 ), the Alpha Diversity of Bacterial Community in Rhizosphere and Surrounding Soils In our data of rhizosphere soils and surrounding soils, the rarefaction curve of the observed OTU number, Chao 1, and ACE almost reached the saturation plateau (Figs. S3a, S3b, and S3c, Figs. S4a, S4b, and S4c), indicating that the OTU coverage was sufficient to cover enough detectable species in the bacterial community and capture the diversity of the bacterial communities in the samples.
The mean and standard deviation (SD) were calculated based on the alpha diversity indices of all replicates of rhizosphere soils (Table S5 ) and surrounding soil (Table S6) of cultivar MD12 or GT line N698. The p-value of all five indices was bigger than 0.05 (Tables S5 and S6) , which indicated there were no statistically significant differences overall in these indices of alpha diversity between the rhizosphere soil of cultivar MD12 and that of GT line N698. However, when a boxplot was used to visually display the differences of alpha diversity, the rhizosphere soil of GT line N698 was separated from that of cultivar MD12 (Fig. 1A) , whereas no obvious difference in alpha diversity was noted in the bacterial communities between the surrounding soil of cultivar MD12 and that of GT line N698 (Fig. 1B) . These results indicated that the species richness and evenness of the bacterial community had increased in the rhizosphere soil of GT line N698 as compared with cultivar MD12.
Beta Diversity of Bacterial Community in Rhizosphere and Surrounding Soils
Initially, the differences in the OTU composition were examined by PCA. The OTU composition in the rhizosphere soil replicates of GT line N698 was clearly separated from those of cultivar MD12 by principle component 1 (PC1), which represented 76.63% of the total variation ( Fig. 2A) . Meanwhile, the OTU composition in the surrounding soil replicates of GT line N698 was not separated from those of cultivar MD12 (Fig. 2B) .
The phylogenetic tree at the genus level was constructed using the bacterial communities of rhizosphere soil replicates (File S1) and surrounding soil replicates (File S2), respectively. Phylogenetic beta diversity analyses were then performed on those replicates based on the weighted UniFrac distance. The rhizosphere soil replicates of GT line N698 were clearly separated from those of MD12 by PCoA (Fig. 3A) , and the first principal coordinate (PCo1) axis of two dimensions explained 83.66% of the total variance. By contrast, those surrounding soil replicates of GT line N698 were not separated from those of MD12 by PCoA (Fig. 3B) . To determine whether the separation of rhizosphere soil replicates of GT line N698 from those of cultivar MD12 in PCoA is statistically significant, ADONIS and AMOVA, which were based on the weighted UniFrac distance, were performed. The analysis of ADONIS differences suggested that the separation was statistically significant (Table 1) although AMOVA analysis indicated the separation was not statistically significant (Table S7) . Furthermore, NMDS analysis was performed on the basis of the weighted UniFrac distance, and these rhizosphere soil replicates of GT line N698 were also clearly separated from those of cultivar MD12 by MDS1 axis (Fig. 4A) . By contrast, those surrounding soil samples of GT line N698 were not separated from those of cultivar MD12 (Fig. 4B) . Moreover, both of the stress values in Figs. 4A and 4B were less than 0.2, which indicated that both results of NMDS analyses seem to be reliable. Taxonomic beta diversity analysis was then performed for those replicates of rhizosphere and surrounding soils by PCoA based on the Bray-Curtis distance. These rhizosphere soil samples of GT line N698 were also clearly separated from those of cultivar MD12 (Fig. S5A) . By contrast, those surrounding soil replicates of GT line N698 were not separate from those of cultivar MD12 (Fig. S5B) . However, both MRPP (Table S8) and ANOSIM (R = 1, p = 0.1), based on Bray-Curtis dissimilarity distance, indicated that the separation was not statistically significant although the between-group difference was obviously larger than the within-group difference.
Comparison of the Major Bacterial Phyla in the Rhizosphere Soil
The taxonomic composition of the rhizosphere and surrounding soil of the cultivar MD12 and GT line N698 distribution at the phylum level is shown in Figs. 5A and 5C. The most abundant phylum was Proteobacteria in the rhizosphere of the two soybeans, which was followed by Bacteroidetes and Acidobacteria, and then by Actinobacteria, Verrucomicrobia, Planctomycetes, Chloroflexi, Gemmatimonadetes, and so on (Fig. 5B) . These major bacterial phyla, with the exception of "unclassified" bacteria, accounted for over 98% of the total abundance in the bacterial community in the rhizosphere and surrounding soils of both cultivars MD12 and GT line N698. Among these major phyla, the relative abundance of Proteobacteria was significantly lower in the rhizosphere soil of GT line N698 compared with cultivar MD12, but the relative abundances of Acidobacteria, Planctomycetes, Chloroflexi, and Gemmatimonadetes were significantly higher (Fig. 5B) based on systematic contrast analysis of the surrounding soils of soybean GT line N698 and cultivar MD12 (Fig. 5C) Comparison of the Main Bacterial Genera in the Rhizosphere Soil A total of 585 genera were detected in the rhizosphere soil of the cultivar MD12 and GT line N698 (Table S9 ). The relative abundances of 78 genera among 222 characterized genera were significantly different between the rhizosphere of GT line N698 and that of MD12, with exception of the "unclassified" genera (Table S10) . By contrast, only 10 genera among 202 characterized genera were significantly different between the surrounding soil of GT line N698 and that of MD12, except the "unclassified" genera (Table S11) , while 545 genera were detected in the surrounding soils (Table S12) . Furthermore, among those 70 genera in the rhizosphere soil, after excluding 8 genera with very small relative abundances, under systematic contrast analysis, the relative abundances of 31 and 18 genera had obviously increased in the rhizosphere soils of cultivar MD12 and GT line N698, respectively (Table S13) ; the relative abundances of 18 and 5 genera had obviously decreased in the rhizosphere soils of cultivar MD12 and GT line N698, respectively (Table S13) ; and the relative abundances of Pseudomonas and Lysobacter had obviously increased in the rhizosphere soils of both cultivar MD12 and GT line N698 (Table S13 ). In addition, the relative abundances of 8 genera among those 78 genera, namely Yersinia (or Serratia), Cellvibrio, Luteibacter, Dyadobacter, Stenotrophomonas, Pseudoxanthomonas, Rhodococcus, and Kaistia, remarkably increased to more than 10-fold in the rhizosphere soils of cultivar MD12 compared with those in the surrounding soils of cultivar MD12 (Table S13) .
Comparison of the Composition of Main Nitrogen-Fixing Bacteria in the Rhizosphere Soil
At the genus level, for main symbiotic nitrogen-fixing bacteria, the relative abundances of Aminobacter, Devosia, Mesorhizobium, Burkholderia, and Agrobacterium were significantly lower, whereas the relative abundance of Bradyrhizobium was significantly higher in the rhizosphere soil of GT line N698 compared with cultivar MD12 (Fig. 6 ) based on the systematic contrast analysis of surrounding soils (Fig. 6) . With regard to associated nitrogen-fixing bacteria, the relative abundance of Stenotrophomonas was significantly lower in the rhizosphere soil of GT line N698 compared with its control cultivar MD12, whereas its relative abundance was similar to that in the surrounding soil (Fig. 6) . Moreover, the relative abundance of Pseudomonas was significantly higher in both the rhizosphere soils and the surrounding soils of GT line N698 compared with its control cultivar MD12 (Fig. 6) .
In addition, the relative abundances of Ochrobactrum and Achromobacter were more than 50 and 100 folds in the rhizosphere soils of cultivar MD12 compared with that of GT line N698 (Fig. 6) , respectively, although both of the pvalues were not smaller than 0.05 (Table S10) .
Furthermore, the average of relative abundances of these 14 main nitrogen-fixing genera in the rhizosphere of GT line N698 (2.4% ± 0.1%) was less than that in the rhizosphere of cultivar MD12 (3.3% ± 0.4%), which was consistent with the absolute abundances of these main nitrogen-fixing genera in the rhizosphere of GT line N698 compared with those of cultivar MD12 (Table S14) .
Discussion
To the best of published knowledge [11, [37] [38] [39] [40] [41] , the impact of EPSPS-transgenic soybean lines on the rhizosphere bacterial community has been rarely investigated by such a high-throughput technique as Illumina MiSeq, although the influence of different cultivars within rice species or glyphosate on rhizosphere bacterial community has been discovered by the Illumina MiSeq platform [24, 42] . Additionally, a comparative analysis of surrounding soils between GT line N698 and its control cultivar MD12 was performed in this present work as a systematic contrast study in order to avoid the effects from the field heterogeneity, especially from edaphic (or pedologic) factors, which determine the structure of bacterial communities in nonrhizosphere soil biomes [5] . The non-parametric monotonic relationship between the dissimilarities in the rhizosphere soil (A) and the surrounding soil (B) between the cultivar MD12 and glyphosate-tolerant (GT) line N698 was analyzed by NMDS based on the weighted UniFrac diversity distance. The black and red boxes (A) indicated rhizosphere soils of the MD12 (MRh) and N698 (NRh) cultivars, respectively. The black and red boxes (B) indicated surrounding soils of the MD12 (MSO) and N698 (NSO) cultivars, respectively. Composition of all bacterial phyla in the rhizosphere soil (A) and surrounding soil (C) replicates of soybean cultivar MD12 and glyphosatetolerant (GT) line N698. Sequences that could not be classified into any known group were assigned as "unclassified." Relative abundances of more than 99% bacterial phyla in the rhizosphere soils (B) and surrounding soils (D) of the cultivar MD12 and GT line N698; error bars indicated standard errors; *, p < 0.05; **, p < 0.01. M1~M3 and N1~3 represented three biological rhizosphere soil replicates of soybean cultivar MD12 and GT line N698, respectively. MSO1~6 and NSO1~5 represented six biological surrounding soil of soybean cultivar MD12 and five biological surrounding soil of GT line N698, respectively.
Previous studies showed that the root-endophytic bacterial community of EPSPS-transgenic plants, such as Quest canola, was significantly different from that of conventional Excel canola at the mid-flowering stage of growth via three different methods; namely, community level physiological profiles, fatty acid methyl ester profile, and terminal amplified ribosomal DNA restriction analysis profiles [43] [44] [45] .
In our study, we focused mainly on the GMO effect on the rhizosphere microbial community of soybean at the flowering stage, because previous studies showed that the rhizosphere bacterial communities were mainly affected at this stage by different soybean genotypes [46] [47] [48] . Furthermore, Nakatani et al. [40] also focused on this stage to analyze the effects of the glyphosate resistance gene on the soil microbial biomass and enzymes. Additionally, in our previous study, we found that the genetic diversities of rhizosphere microbes at this stage of two different soybean genotypes are more sensitive than those at the seedling or pod-setting stage [49] .
We found that the phylogenetic diversity of rhizosphere bacterial community of GT line N698 was statistically different from that of cultivar MD12 at the flowering stage of soybean growth in this study, by using NMDS analysis and PCoA based on the weighted UniFrac distance together with ADONIS analysis. Furthermore, the relative abundances of some rhizosphere bacterial phyla and genera were statistically significantly different between GT line N698 and its control cultivar MD12, especially when a comparative analysis of surrounding soils between transgenic soybean line N698 and its control MD12 was used as a systematic contrast study. Based on the present results, some certain bacterial phyla related to the GT soybean line N698 should be Proteobacteria, Planctomycetes, and Gemmatimonadetes; some certain bacterial genera should be Cellvibrio, Janthinobacterium, Arthrobacter, Sphingomonas, Rhodoplanes, Stenotrophomonas, Nitrospira, Mesorhizobium, Bradyrhizobium, and Burkholderia.
The Rhizobium-legume symbioses are important in land ecosystems by providing ammonia for plant growth through symbiotic nitrogen fixation [50] ; thus, the composition of nitrogen-fixing bacteria was the focus of this study. Among 15 main symbiotic nitrogen-fixing bacterial genera with legumes [51] , five genera (i.e., Azorhizobium, Ensifer (formerly Sinorhizobium), Shinella, Cupriavidus, and Microvirga) were not found in this study. Among 10 other genera, only Methylobacterium and Rhizobium were not affected. However, the GT line N698 exerted substantial effects on six genera; namely, Agrobacterium, Aminobacter, Devosia, Mesorhizobium, Burkholderia, and Bradyrhizobium, as compared with its control cultivar MD12. Furthermore, GT line N698 suppressed the growth of Ochrobactrum and Achromobacter. Additionally, Phyllobacterium disappeared in the rhizosphere soils.
Pseudomonas has been used as a model for plant-associated bacteria together with Bacillus, and it is involved in plant growth and health [52] . In this study, only two species of Pseudomonas genus were found, and there was in fact no statistically significant effect of GT line N698 on Pseudomonas based on the systematic contrast analysis of surrounding soils, because the significantly higher relative abundances of Pseudomonas in both the rhizosphere soil and surrounding soil resulted from edaphic factors instead of host plants. For other associate nitrogen-fixing bacteria, Stenotrophomonas, which also includes some species that promote plant growth [53] , should be remarkably promoted by cultivar MD12, based on the systematic contrast analysis of surrounding soils.
We were impressed by the statistically significant effect of GT line N698 on the special OTU, whose relative abundance remarkably increased more than 930-fold in the rhizosphere soils of cultivar MD12 but only 7-fold in that of GT line N698 under systematic contrast analysis. The OTU is one of the top richest OTUs in this study. The sequence of this 253 bp OTU was found to be 100% similar to 16S rDNA of Yersinia pestis CO92, Yersinia enterocolitica subsp. enterocolitica 8081, Serratia proteamaculans 568, and Serratia plymuthica S13 chromosome after BLAST search. Notably, Y. pestis and Y. enterocolitica are two of the three diseasecausing (pathogen) species among the genus Yersinia [54] . Meanwhile, S. proteamaculans 568 has been found to promote plant growth [55] , and S. plymuthica S13 was demonstrated to colonize various plant-associated microhabitats and to suppress damping-off diseases [56] . It is worth identifying the genus and species by deep sequencing other hypervariable regions of 16S rDNA or by shotgun metagenome sequencing.
The previous study hypothesized that the horizontal gene transfer of transgenes, product of transgene expression [12] , and unintentional changes in transgenic plant root exudates, including some chemical compositions [13] , might influence rhizosphere microbes. We hypothesized that some other unexpected pleiotropic effects resulting from the integration of transgenes into plant chromosome, such as the altered expression of flanking genes that encode microRNAs (miRNAs) or small interfering RNAs [57] , might influence rhizosphere microbes. An indirect example, the gene nitrogen limitation adaptation, which encodes the RING-type ubiquitin E3 ligase and is a target of miRNA827, was recently reported to maintain phosphate homeostasis in Arabidopsis through mediating the degradation of phosphate transporters localized in the plasma membrane [58] . However, as for the connection between the EPSPS gene insertion site and the bacterial communities, we still feel this is very difficult to analyze, because the male parent of NZL02-92 was the derivative strain of GT soybean line AG4501 that was a patented product bred by Asgrow Company, and up to now, only one related reference of AG4501 is available from all the databases at Web of Science (Buettner MJ 1998. New soybean cultivar (9312069421822B) is useful in plant breeding programs to produce superior hybrids. Patent No. US5998704-A. Cultivar 9312069421822B has a higher yield, 73.06 bushels/acre, compared with the 68.53 bushels/acre for Asgrow AG4501).
In addition, in this study, the unexpected pleiotropic effects of GT soybean line N698 might also result from the integration of a small part of the genomic fragment of GT soybean line NZL02-92, because the GT soybean line N698 was bred by crossing GT soybean line NZL02-92 to cultivar MD12 followed by continuous backcross to MD12 for two times. Therefore, the comparative analysis of the rhizosphere bacterial communities of the GT soybean line NZL02-92 versus its control cultivar Mengdou13 at the flowering stage needs further research.
